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NACA ~l?E AIRFOIL SECTION EQOET’ED WITH

SEALED INTEmum~m 0.2W21DED JIILERONS

AND WITH A O.O~ORD TAB

By Fioravante Visconti

Einge+nmnent, lift, and drag measurements were made on an approximately
0.17&hord-thick NACA 6-series4ype airfoil secticm equipped.with sealed
internally belenced 0.20-chord ailerons end with a O.~hord tab. The
purpose of this investigation was to obtain the effects of aileron cmstom

. end internal-balance chord on the aileron section hinge+mment characterie—
tics and to detezmine the tab effectiveness in reducing the aileron section
hinge moments.

. The results of these tests indicated that increasing the aileron
profile thickness from that of a tru=ontcur to that of a strai~t-eided
aileron would cause no significant effect on the aileron effectiveness,
would increase positively the rate of change of aileron section hinge-
moment coefficient with both section engle of attack and aileron deflec-
tion, and would cause little chsnge in the hinge+nmnent parameter for a
given rate of roll at low aileron deflectim but would cause a decrease
in the hinge-moment parameter for a given rate of roll at the high ailerm
deflectimm. Increasing the true-contour aileron internal-bd.=ce chord
from O up to approximately 51 percent ofthe aileron chord would not
cause the rate of chenge of aileron section hinge moment with aileron
deflection to become positive. The effectivcmess of the tab b reducing
the aileron section hinge moments is lerge at low angles of attack and
low aileron deflection but decreases appreciably at high aileron deflec-
tions.- At the higher angles of attack, however, the ta% effectiveness
varies inconsistently with aileron deflection.

INTRODUCTION

.
~ Tests were conducted In the Langley twc+dimensional lowturbulence

tunnels for an approximate NACA &eries-type wing section to obtain data
applicable to the design ofithe aileron and to detemine the hinge+ncment.
effectiveness of the tab. The wing section had a maximum thickness of
0.178 chord located at staticm 0.35 chord snd was equipped with sesled
internally balenced 0.2Whord ailerons which differed in aileron contour’



2

shape and
plain tab
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A tru~ontaur O.O~hord
the true-contour

Aileron section hinge-moment, aileron effectiveness, and tab hinge-
moment effectiveness data were obtained at-a Repolds number ofi2.5 X 106.

Some tests were conducted. at a Reynolds number of 6.o x 106 to obtain
the relative lift and drag characteristics of the airfoil section equipped
with a true-contour neutral aileron and with a straight+ided nsutral
aileron.

COEFFICIETW?SAND SYMBOL5

Tha coefficients and symbols used in this paper are as follow:

()

2
airfoil Eiectdon lift coefficient

~

()
airfoil section drag coefficient ~

QC

aileron section hinge+mment coefficientibased on aileron

()
ha

chord —

qoca2

mqo
2

d

ha

c

Ca

c~

aileron section hinge-moment-coefficient based on airfoil

()

ha
chord —

%c2

seel pressura-difference coefficient, positive when
pressure below sesll.is greatsr than pressure above seal

airfoil section lift per unit span

airfoil section drag per unit span

aileron section hinge moment–perunit”-span,positive
. when aileron tends to defl~ct dowd -

airfoil section chord with aileron Ad tab

chord of aileron behind ailaron hinge axis

chord of tab behind tab hinge ~ls

nmtral



internal--alance chord, diwhmce from aileron hinge
point to midway ”pointof flexible seal

free-stream dynamic pressure
()$OVO*

free-stream density L

free+tresm velocity

airfoil section emgle of attack, degrees

aileron deflection with respect to airfoil, positive when
trailing edge is

tab deflection with
trailing edge is

Remolds number

deflect;d downward,

respect to aileron,
deflected downward,

de~ees

positive when
degreeB

.
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%

%t

Aao

(?’%)p

(.)‘ha
z

‘%
AaJ.a

()“a~
aileron section effectiveness parameter

b~a
cl

(\matab hinge-moment effectiveness parameter ,=
Wwao,ch

increment of airfoil section

effective change in angle of
velocity, degrees -

angle of attack, degrees

attack caused by rolling

increment of aileron deflection, degrees

aileron section effectiveness pemmeter (ratio of
increment of airfoil section angle of attack to
increment of aileron deflection required to maintain
constant lift coefficient)

increment of aileron section hlnge+noment coefficient
due to aileron deflection at constemt-section angle
of attack

increment of aileron section hinge+ncmant coefficient
due to change in section sagle of attack at ccnstsmt
aileron deflection

increment of total aileron section hinge+cme nt
coefficient in steady roll

aileron section hinge+noment parameter

—

The subscripts to partial derivatives denote the_variables
held constant when the partiel derivatives were taken. The derivatlyes

.

were measured at zero angle of attack and at zero deflection of the
control surfaces except-for the tab hinge+kxnent effectiveness

f
ararnetsr

which was measured at zero angle of attack and zero aileron def ection .
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and the parameter
chat

which was measured at sll the tab deflectioris

. investigated.

MODEL

The model tested was an approximate NACA &eries–type airfoil
section developed by a straight-lins fairing between the NACA 63(420)–321
and NACA 65(318)~15 airfoil sections szxihad a 211-inchchord with its
msximum thiclmsss (0.178 chord) located at station 0.35 chord from the
wing leading edge. Ordinates for the wing section are pressnted in
table I. The mcdel was constructed of leminated mahogany with the
exception of the 0.20-chord aileron ad the O.OXhord tab, which were
made of cast bronze.

The true-contour aileron, which was constructed with interchangeable
Internal balance, was modified by filling in the cusps on the upper and
lower surfaces with modeling clay to form a straight+ided aileron.
Sketches of the ail’ron and the aileron-tab configurations investigated
are shown in figures 1 and 2, respectively. It may be noted in figure 1

. that the aileron vent gaps were increased at the 0.h3ca internal-balsnce
configuration; however, reference 1 shows that this slight increase is
negligible. A rubber seal, attached to the aileron balance and main
wing section along the complete span of the model, was used to prevent
a flow of air through the aileron vent gaps. Modeling clay was used to
sesl the tab nose gap throughout the span C$ the model. The model was
prepared for tests by sanding tith No. 400 carborudum paper to produce
aerodynamictiy =ooth surfaces.

APPARATUS Am TEST9

When mounted in the Lsmgley two-dimensional low-turbulence tunnels,
the model completely spanned the 36-inch test sections. Aileron hinge
moments were measured by means of a calibrated torqus rod; whereas,
the airfoil lift and drag measurements end the followlng correction
factors, which were used to correct the tunnel data to fre~ir condi–
tions, were obtained by the methods described in reference 2:

Ch = o.988chat
a

‘O = 1.015~t

,

C2 = o.973c1t

cd = &98&dt
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where the primed
The hhg e+nament

quantities represent the values
coefficients were not corrected

measmed in the tunnel.
for tunnel+all effects

on the ~ressure distribution over the airfoil; approximate calculations, .

however, indicate that the correction ?robably does not exoeed 0.002c2C.

The afrfoil-lift ad aileron hlnge+uoment data were obtatied at
aileron and tab deflecticms ranging from-.8° to 12° and =20° to 20°,

respectively, at a Reynolds number ofi2.5 x 106 corresponding to a
Mach num3er of’0.17. For the aileron+eutral condition, relative lift
and drag characteristics of the airfoil section eqy.ippedwith the true-
contour aileron snd with the straighl+sided aileron were obtained in
the Langley two-dimensional low-turbulence pressure tunnel at a Reynolds
number of 6.o x 106 corresponding to a Mach’numiberof 0.12.

RESUITS

Aileron

AND DISCUSSION

Clkmact=stics

Airfoil-lift, airfoll+ag, and ailercm hb.ge+nanent data applicable
to the desi~ of the aileron are presented In figures 3 to 1.1, and a
summary of the parameters used in this’investigation is presented fn
table H. me discussion of the data refers to the data obtained at a

Reynolds number of 2.5 x 106 unless otherwise stated.

Sectia characteristics.- The allerm+ontour modification
resulted in a reduction of approximately 3 percent in Cla for the
two Reynolds number investigated (figs. 3 to 5 and table II) snd caused
no significant chsnge in msxlmum secti.a lift coefficient or minimum
section drag coefficient at a Reynolds number of 6.o x 106. A negligible
deorease in lift-curve slope occurred with a change h Reynolds number
regardless of the aileron contour investigated.

Jkcreasing the aileron profile frcm a true-contour aileron to a
strai@bided afleraa had no substantisd.effect on the parameters c1

and ~ (ffgs. 4 and5 and table II). The values of the effectivenes~
parameter ~ (table II) of the two ailerms investigatedwith 0.4.3Ga

internal balance were approximately 0.88 percent of the value (-0.55)
predicted frathin airfoil theory in reference 3 and were approximately
equal to the value obtained for the NAC!A653-418 airfoil equipped with

a plain true-ccmtour 0.2Whord aileron (reference 4). At a sectia
lift coefficient of O.kO, the vslues of the effectiveness

(J

Au.
parameter (table II) indicated thatrm change in aileron

m—
6a+120

.

.
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effectiveness occurs over the range of aileron deflection of *12° for the
. ailerom of different contour equipped with 0.43ca internal belance.

.
A chsmge in the aileron contour from a true-contour aileron to a

straight+ided aileron with 0.43ca internal balemce increased positively
the values of c~ and C~a from -O.0031 to 4.0021 and from -O.0034

to -0.0011, respectively (fig. 9). A decrease in the se~e~ ~te*–
balance chord from 0.60ca to 0.43ca increased negatively the value of

We ~8J?~t.9r ch from 0.0028 to -0.0031 and had a relative smaller

effect (-0.0014 t: -0.0034) on c%. VtiUeEI Of the p.WSDEterS Chb

and C
b

of the true-oontour.aileron with less tti 0.43ca internal

balance were computed from the follow@g

where the subscripts 1 and 2 denote w
balance. Data for the three internally

equatione:

2

()]

cb
F-
a2

-
2

- (%) I

(1)

(2)

-1

given amount of internal
balemced true~ont our ailerons

were substituted In equations (1) am~ (2), and average values of chb

and ch of atlerons with less than O.43ca internal balance are plotted

in figu% 9. ticreasin.gthe true-contour aileron internal-balance chord
from O up to approximately 51 percent of the aileron chord would not
causs the rate of change of aileron section hinge moments with aileron
deflection to become positive and would have a relatively emaller effect
on the rate of change of aileron section hi~e ~nts ~th section
emgle of attack.

~fect of contour on charac.ttristics in @SMV r?~.- For C~P~lSOn
of the ailerons of aifferent contours, the rate of change of the totsl
aileron section hinge+noment coefficient with aileron deflection

. steady roll was

.

calculated by the equation given In reference 5
in
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{

%%=(%)’($’45

where n = & Values of
m. “

.

()11 ACh

‘ - (~o/~J(%)6a1} (3)

( )p
J

2 ho

&a
of 0.29 and 0.28 were obtained .

ho
from the data o? reference 6 for corresponding value: of ~ of the

.ma
true-contour and strai~tiided ailerons, respectively. These vdhms
were calculated for a t~ical lage airplane which has the follcwing
characteristics:

Aileron chord (constant percent of wing chord) . . . .. . . . . . . 20.0
Aileron location, fraction of semispan:

Inboard end. . . . . . . . . . . . . . . . . . . . . . . . , , 0.541
0.ztboardsnd . . . . . . . . . . , . . , . , . . , . , . . . . 0.’~O

Wingaepectratio . . . . . . . . , , , . . . . . ;. . . . . . .
Wingtaperratio. . . . . . . . . . . . . . . . . . . . . . . . . 0. ~+~

An squal up and down aileron deflection is ‘assumedin this metho& of-
EulEiLysis.

The hinge+nome % plo~ted againstnt parameter

+/Sa
is used for comparison of ailerons of different contour.

%~
value of the hinge+noment parameter for a given

A@%

~ (fig. 11)

T& analbr ths

value of Auo,

the more advantageous the combination should be for providing a lower
control force for a given helix sngle of the wing tip. Increasing the
true~ontour-aileron profile thickness to form a straigh%ld~d aileron

would cause littls change in the hinge+ncmwlt parameter ‘% for a

‘o/&a
given rate of roll at low aileron deflections but would cause a decrease
in the hinge+mment parameter-for a given rate of roll at the high ailaron
deflection. Within a range of aileron deflection of Oo to -6°, tha
control forces of the true-contour ,aileronwith 0.43ca interti balance
wo~ld be approximately the same as those of the straight-ided aileron
with 0.43ca internal balance.

Tab Characteristics

The discussion of the tab characteristics refers to the data
pr’esmted i
of 2.5 ~ ~o~ ‘iw~s 12 t

o 14 which were obtained at a Rsynolds number
.

.

.

.
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At low eagle~ of attack (–3° to 30), the rate of change of the
. aileron s6cti@ hinge+mment coefficient with aileron deflection for

lw aileron deflections becomes gradually more negative as the tah is

P
deflected u ds ad gradually less nsgative as the tab is deflected
downward. See fig. 12.) The rate’of change of aileron section hinge-
moment coefficient with aileron deflection for low aileron deflections
remains reasonably constant at the high angle of attack of 10.2°. The
rate of chsnge of aileran hinge moment with tab deflection is presented
in figure 13 for the aileron neutral, which is the condition of most
importance for,trimming. The tab appe=s to be most effective in
reducing ths aileron section hinge moments at the luw angles of attack
between a range of tab deflection of –15° to 10°. At the higher angles
of attack, a reduction occurs in the tab trhmning effectiveness.

The rate of change of aileron deflection with tab deflection ‘a~t

is a measure of the”effectiveness of the tab in balancing the increment
of aileron hinge moment caused by the aileron deflection at a constant
e@l.e of attack. The tab effectiveness parameter ‘a~t indicates that

the smeller the tab deflection required to balance the increment of
, aileron hinge moment dug to a given aileron deflection, ths greater is

. the tab hinge+noment effectiveness. ‘e ‘sue ‘f %t ‘a-cd at

zero angle of attack emd at zero aileron deflection (fig. 14) is maximum
and equal to approximately 2.7 for g veryolimited range of aileron
deflection between approximately ~ to 4 ; howqver, the tab retains
most of this effectiveness in the range of aileron deflection from -8°
to 6°. The effectiveness of the tab in reducing the aileron section
hinge moments is large at low angles of attack and low aileron deflections
but decreases appreciably at high aileron deflections. At the higher
emgles of attack, however, the tab effectiveness varies inconsistently
with aileron deflection.

An investigation
NAC!Akerias-irfoil
with a O.OHhord tab

CONCLUSIONS

made on sm approximately 0.178-chord-thick
section equipped with 0.20-chord ailerons and
indicates the following conclusions:

1. limreasing the true-contour aileron yrofile thickness to form
a strai@t-sided aileron would cause

(a) Nonsignificant effect on the aileron section effectiveness
parsmeter ~

(b) Apositive increase in the rate of change of aileron
section hings+?mment coefficient with both section angle of attack
end aileron deflection
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(c) Little change in the aileron section hinge+nme nt parameter

for a Riven rate of roll at low aileron deflection. but a decreass m

in thi= hinge+mment parameter for a given rate of”
aileron deflections

(d) A slight decrease in
coefficient cz with section

(e) Little affect on the

therateof change of
angle of attack a.

maximum section lift

roll at the high -.

section lift

coefficient sml the

section-tiag coefficients throughout the low drag range for a neutral—
aileron

2. Increasing the true+ontour aileron sealed internal-balancechord
from O up to a~proximately 51 percent of the aileron chord would

(a) Not cause the rate of change of aileron section hinge
moments with aileron deflection Cha to become positive

(b) Have a relatively smaller effeet on the rate of change
of aileron section hinge moments with section angle of attack Cha

3. The effectiveness of the tab in raducing the aileron section
hinge moments is large at low angl(3sof attack and low aileron deflectims
but decreases appreciably at high aileron deflections. At the higher
angles of attack, however, the tab effectiveness varies inconsistently
with aileron deflection.

IangleyllemorialAeronautical Laborato~
National Advisory Committee for Aeronautics

Langley Field, Vs., Deceniber9, @*7

.
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TABLE I

ORDINATESFOR AN APPROXIMATE o.l78-cHoRD-

TH1CK NACA 6-SERIES-~E A-IL SEOTION

[Stationsand Qrdinates given
in percent of airfoil chordl

Station
lo:5Eite I ~Werordinate

L2L
o

.15
0

L.E. radius: 2.20
Sl;p; of radius through

. .: 0.162

TN No. 1590
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TABLE II.- SECTION PARAMETERS

AND ba = 00 EXCEPT FOR

MEASUREDAT Ct =0.40

True-contour aileron

O .60ca I 2.5 X 106 -----

o .43ca

l!!-

I------ ------ ------------- I-0.0014 0.0028

II
-----..------------------- -.0025 II-.0005
0.055 -0.480 -0.480 -.0034 -.0031
------ ------ ------ ------ - ------ - ------ -

Straight-sided aileron—

0.113 0.055 -0.485 -o .4&l -0.0011 -0.0021
.112 .---- ------ ------- ------- ------ - ------ -

.

.
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Chord line

Ohord

—~ = O.&cma * Oa = 0.200 .

Rtbber seal

t- % ‘ ““”a~oa =0“2-————7

mm Oontour

line

Rubber sod

OhOrd line

.

*

~Tnm oontow

-% = 0.430*— -

Rubberee~ __— — —-

Figvre $.- 6ketoh of the internal-. balanoed aileron oonf
CI.V8-dIOrd-tUoIC MAIM 6-series-@e a.i% motion.

atlom tented on an &pproxlmete
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—
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Figure 4.- Allexon ef?eotlwnem end hinge-moment Oh_Ote?iStlOfi of the 0.20-ohord
truemntour aileron with a sealed 0.434ileron4h0rd internal balance cm an appro=

Imta O.li%-ahord-think EACA 6-series-type zirfoil nation. i, S?.5x d.
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IUgure 5”.- Aileron effeottveneas end W e-momentohuaoterls ties of the 0.20-ohord
fstmlght-aided @ileron with m sealed O. Z-aileron-ohord internal balanoe on m

appr~te O.178-ohord-thiok HA(IA 6-aerie.s-t~e airrdl seotim. R, 2.5 x 1oI$.

.
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-0
-16 -12 -8 -4 0

Mlarun defleati.m, 6a, deg
4-

m.gum 6.- V=l*tlonOr seotlan angle of attaa~ with ●ileron deflmtlm
at a oomtant seotl.m lift c.oaffloiemtof O. 0 m an app~te
O.178-ahOrd-th.lokEAOA 6-aeriea-typeairrOil aeaticm ror two dirrer-
eatly shared O.20-uhOE-iaileron

z
with IWJalad0.4341erm-c-herd

internal balame. E, 2.5 x 10 .

Hgma 7.- Allarm Booth
Y?

—aomant 0hAlW3tQti0ti0Sof tha 0.20-chord tlWa-
Oaltour a.uaran,with sealad .50-ailarm-0h0rd”S6t4mal bnlanoe m an a razl-
mata O.17E14h0rd-thlakEAOA 6-SOMOS+PO alrfoll aaatica. 3.~,,2.5,x.1
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Wgulm;8L- Aileron m.atl~ Mnae-mmellb ohu aotirintiomortheO.zo-ohordtrue-amltour
ail~ron wltb se81ed O. O-a.lleron-ohclrdioterml balanm m no approrlmatoO.178-ohoFd-
$hiok HMA 6-merias-type airfoiloaotirn.R,2.5 x M+.
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Fi~ 9.- The effeot of sealed internal balanoe and aileron oontom
on the hinge-moment *=met erg oh= -d %8 of a 0.20 -ohord
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!
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.04’

\
\

# \ —~rue oontour
–--– Straight sided

o ‘
Juo~
.+%

.
Q+ ..04
8
0

-.09
-16 -12 -8 -4 0 4 8 12

ALleron defleotionb 8a, deg ~

Figure 10.- VariatLonof a%leronhinge-momentoharaoterlstlcs with aileron
deflection at a constant aeot~on llft coefficient of 0.40 on an approxi-
mate 0.17’8-ohordthiok NACA 6-ser~es-type alm?oll seut%on for tho differ-
ently shaped 0.20-ohord-ailerons with sealed 0.@-a5Jeron-chord internal

bahnoe. R, 2.5 x 106.

AC!*
.—
bad~ea

True contow

.01
/

/

o

1
1.2

-.01.
-8 -4 0

Aao, 6eg
4+

Flguro il.. ‘a%Variatien Or the hinge-moment~emeter — WZttl
hadba~

equivalent ohange in aeotlon angle of attaok required to me.lntti
a oonstant seotlon llft ooetflolent of 0.40 for defleotlon of
differently shaped 0.20-ahord Warms tith sealed 0.43-ailerIm-
ohord fntemal balenoe on an approximate 0.178-0 rd-thlok
MAOA 6-series-typeaIPfoiI aeotton. %.R,2.5X1 .



22 NAOA TN NO. 1590

(a) Co = -30.

Figure 12.- N1.emneffeotlvemeeuand hinge-mcuuentyraotiri.tlm or
the 0.20-@Iord true-aontouraileron with aealaciO. 3-aileron-ohord

;l;:;eydtblak HAOA &series-@Pe airfoil ..o’cion.
tit-anal balanoe and wl a O.05-ohord tab on en approximate

, ,.

,

●

●

.
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Aileron defleotlon, % deg

(b) ~ - OO.

ri~e 12.- 00ntinue&
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